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ABSTRACT 



A tube and turbulator and method of making the same for a 
heat exchanger including a base, a top spaced from and 
opposing the base, a first side interposed between the base 
and the top along one side thereof, and a second side 
interposed between the base and the top along another side 
thereof. The base, top, first side and second side form a 
channel. The second side is triple hemmed such that ends of 
the base and the top are disposed within the channel. A rial 
turbulator may be disposed inside the tube and includes a 
base extending laterally and longitudinally in a strip. The Hal 
turbulator also includes a plurality of corrugations spaced 
laterally along the base and extending longitudinally and 
generally perpendicular to the base in an alternating manner. 
The corrugations are rolled in a direction parallel to a 
longitudinal axis of the strip. 

11 Claims, 5 Drawing Sheets 
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FLAT TURBULATOR FOR A TUBE AND steps of providing a generally planar strip having a base 

METHOD OF MAKING SAME extending laterally and longitudinally. The method also 

includes the step of forming a plurality of corrugations 

This application is a division of Ser. No. 09/345,375, spaced laterally along said base and extending generally 

filed Jul. 1, 1999, now U.S. Pat. No. 6,213,158. 5 perpendicular to said base in an alternating manner such that 

the corrugations extend in a direction parallel to a longitu- 

BACKGROUND OF THE INVENTION dinal axis of the strip. 

1. Field of the Invention Additionally, the present invention is a method of making 
Hie present invention relates generally to heat exchangers in a f tube f ° r . a ^at exchanger. The method includes the steps 

for motor vehicles and, more specifically, to a flat turbulator 10 of P rovldul 8 * P lanar sheet having a generally planar base 

for a tube and method of making same for a heat exchanger a * ^""""i ™^ ** 0ng . \ ' en S lb 

in a motor vehicle thereof and folding each of the terminal ends of the sheet to 

^ . . ' form a triple hem flange. The method includes the step of 

2. Description of the Related Art folding each of ^ ends of me gheet tQward Qne 

It is known to provide a tube for a heat exchanger such as 15 another until they meet to form a base, a top opposing the 

an oil cooler in a motor vehicle. The tube typically carries a base, a first side interposed between the top and base and a 

first fluid medium in contact with its interior while a second second side interposed between said base to form a channel 

fluid medium contacts its exterior. Typically, the first fluid with free ends of the triple hem flange on each terminal end 

medium is oil and the second fluid medium is air. Where a being disposed in the channel. 

temperature difference exists between the first and second 20 Qne advant of tne nt invention - a that a tube with 

fluid mediums, heat will be transferred between the two via a flat turbujator for a hcat exchanger such as an oil cooler is 

heat conductive walls of the tube: prQvided for a motflr vehjde fof CQoling liquirf oj] Another 

It is also known to provide corrugated fins or ribs in the advantage of the present invention is that the tube with the 

interior of the tube to increase the surface area of conductive fl at turbulator tube is more economical to manufacture with 

material available for heat transfer to cause turbulence of the 25 precise dimensional control. Yet another advantage uf the 

fluid carried in the interior of the tube and to increase the present invention is that the tube is triple-hemmed to provide 

burst strength of the tube. One known method of making extra strength. Still another advantage of the present inven- 

such a tube is to physically insert a corrugated fin into the ti 0 n is that a method of making a flat turbulator is provided 

generally flattened tube after the tube has been manufac- a i on g with a method of making a tube with the flat turbu- 

tured. This is an extremely difficult process since the cor- 30 lator. A further advantage of the present invention is that the 

rugated fin to be inserted into the tube is extremely thin and method of making the flat turbulator uses roll forming to 

subject to deformation during the insertion process. increase production through put. Yet a further advantage of 

It is also known to produce a corrugated fin or turbulator the present invention is that the method of making the flat 

by a stamping process. An example of such a turbulator is turbulator has the direction of roll forming the same as the 

disclosed in U.S. Pat. No. 5,560,425. In this patent, the 35 strip or fluid direction such that the corrugations are per- 

turbulator is made by stamping in a direction parallel to the pendicular to the strip direction. 

fluid flow or strip direction of the turbulator and has corru- Other features and advantages of the present invention 

gations in a direction perpendicular to the direction of the will be readily appreciated, as the same becomes better 

flow of the fluid or strip direction. understood, after reading the subsequent description taken in 

Although the above turbulators have worked well, they conjunction with the accompanying drawings, 
suffer from the disadvantage that the stamping process does 

not have a high production through put. Another disadvan- BRIEF DESCRIPTION OF THE DRAWINGS 

tage of these turbulators is that the turbulators are inserted F i G y is an e levational view of a tube with a Hal 

after the tube is made. Therefore, there is a need in the art 45 turbulator, according to the present invention, illustrated in 

to provide a tube with a flat turbulator and method or making operational relationship with a heat exchanger of a motor 

same for a heat exchanger of a motor vehicle that overcomes vehicle. 

these disadvantages. FIG. 2 is an enlarged perspective view of the tube with the 

SUMMARY OF THE INVENTION flal turbulator of FIG. 1. 

A 1 1 1 . • . . . . r , t 50 FIG. 3 is a sectional view taken along line 3 — 3 of FIG. 

Accordingly, the present invention is a tube for a heat ^ te 

exchanger including a base, a top spaced from and opposing 

the base, a first side interposed between the base and the top FIG - 4 * a side view of an apparatus for making the flat 

along one side thereof, and a second side interposed between turbulator of FIG. 2. 

the base and the top along another side thereof. The base, 55 FIG. 5 is a front view of the apparatus for making the flal 

top, first side and second side form a channel. The second turbulator of FIG. 2. 

side is triple hemmed such that ends of the base and the top FIG. 6 is a sectional view taken along line 6 — 6 of FIG. 

are disposed within the channel. 5. 

Also, the present invention is a flat turbulator for a heat FIGS. 7 A through 7L are views illustrating the steps of a 
exchanger including a base extending laterally and longitu- 50 method, according to the present invention, of making the 
dinally in a strip. The flat turbulator also includes a plurality tube with the flat turbulator of FIG. 1. 
of corrugations spaced laterally along the base and extend- 
ing longitudinally and generally perpendicular to the base in DESCRIPTION OF THE PREFERRED 
an alternating manner. The corrugations are rolled in a EMBODIMENTS) 
direction parallel to a longitudinal axis of the strip. 65 Referring to the drawings and in particular FIG. 1, one 

Further, the present invention is a method of making a flat embodiment of a heat exchanger 10 for a motor vehicle (noi 

turbulator for a heat exchanger. The method includes the shown), such as an oil cooler, evaporator, or condenser, is 
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shown. The heat exchanger 10 includes a plurality of gen- 
erally parallel tubes 12, according to the present invention, 
extending between oppositely disposed headers 14,16. The 
heat exchanger 10 includes a fluid inlet 18 for conducting 
cooling fluid into the heat exchanger 10 formed in the header 5 
14 and an outlet 20 for directing fluid out of the heat 
exchanger 10 formed in the header 16. The heat exchanger 
10 also includes a plurality of convoluted or serpentine fins 
22 attached an exterior of each of the tubes 12. The fins 22 
are disposed between each of the tubes 12. The fins 22 serve 10 
as a means for conducting heat away from the tubes 12 while 
providing additional surface area for convective heat trans- 
fer by air flowing over the heat exchanger 10. It should be 
appreciated that, except for the tube 12, the heat exchanger 
10 is conventional and known in the art. It should also be 15 
appreciated that the tube 12 could be used for heat exchang- 
ers in other applications besides motor vehicles. 

Referring to FIGS. 2 and 3, the tube 12 extends longitu- 
dinally and is substantially flat. The tube 12 includes a base 
24 being generally planar and extending laterally. The tube 20 
12 also includes a top 26 spaced from the base 24 a 
predetermined distance and opposing each other. The top 26 
is generally planar and extends laterally. The tube 12 
includes a first side 28 interposed between the base 24 and 
the top 26 along one side thereof. The first side 28 is 25 
generally arcuate in shape. The tube 12 also includes a 
second side 30 interposed between the base 24 and the top 
26 along the other side and opposing the first side 28 to form 
a channel 32. The second side 30 is generally arcuate in 
shape. 30 

The second end 30 is formed by triple hemming a first end 
34 of the base 24 and a second end 36 of the top 26. The first 
end 34 has a first transition portion 38 that is generally 
arcuate in shape and has a first flange portion 40 extending 
laterally toward the channel 32 and generally parallel to the 35 
base 24. The first end 34 also has a second transition portion 
42 that is generally arcuate in shape and has a second flange 
portion 44 extending laterally away from the channel 32 and 
generally parallel to the base 24. The second flange portion 
44 abuts the first flange portion 40. It should be appreciated 40 
that the second flange 44 is tucked under the first flange 40 
such that its free end is disposed in the channel 32 and not 
exposed to the exterior of the tube 12. 

The second end 36 has a first transition portion 46 that is 4S 
generally arcuate in shape and has a first flange portion 48 
extending laterally toward the channel 32 and generally 
parallel to the top 26. The second end 36 also has a second 
transition portion 50 that is generally arcuate in shape and 
has a second flange portion 52 extending laterally away from 5Q 
the channel 32 and generally parallel to the top 26. The 
second flange portion 52 abuts the first flange portion 48. It 
should be appreciated that the second flange portion 52 is 
tucked under the first flange portion 48 such that its free end 
is disposed in the channel 32 and not exposed to the exterior 55 
of the tube 12. 

The first side 28 has a single wall thickness while the 
second side 30 has a multiple wall thickness for extra 
strength against stone chips while driving the motor vehicle. 
The tube 12 is made of a metal material such as aluminum 60 
or an alloy thereof and has a cladding on its inner and outer 
surfaces for brazing. It should be appreciated that the 
triple -hemmed second side 30 provides precise dimensional 
control for the channel 32 of the tube 12. 

The tube 12 includes a generally flat turbulator 54, 65 
according to the present invention, disposed within the 
channel 32 of the tube 12. In the embodiment illustrated, the 
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flat turbulator 54 has a generally planar base 56 extending 
laterally a predetermined distance and longitudinally in the 
form of a strip. The base 56 has a predetermined thickness 
such as between approximately 0.152 mm to approximately 
0.304 mm. The flat turbulator 54 also has a plurality of 
corrugations 58 spaced laterally along the base 56 and 
extending longitudinally to turbulate fluid flow through the 
channel 32. The corrugations 58 extend longitudinally a 
predetermined distance such as between approximately 2.5 
mm to approximately 7.0 mm in a strip or fluid flow 
direction. The corrugations 58 are spaced laterally a prede- 
termined distance such as 0.76 mm. The corrugations 58 also 
extend generally perpendicular to a plane of the base 56 a 
predetermined distance such as 1.42 mm. The corrugations 
58 that are spaced laterally extend perpendicular to the plane 
of the base 56 in an alternating pattern such that one of the 
corrugations 58 extends upwardly and a laterally adjacent 
corrugation 58 extends downwardly. The corrugations 58 
that are spaced laterally in a row are offset from an adjacent 
longitudinal row of laterally spaced corrugations 58 such 
that in a longitudinal direction one of the corrugations 
extends upwardly and the longitudinally adjacent corruga- 
tion 58 extends downwardly. The corrugations 58 are 
formed by roll forming the base 56 in a direction along its 
longitudinal length to be described. The flat turbulator 54 is 
made of a metal material such as aluminum or an alloy 
thereof and has a cladding on its surfaces for brazing the flat 
turbulator 54 to the tube 12. It should be appreciated that the 
corrugations 58 are brazed to the top 26 and base 24 of the 
tube 12. It should also be appreciated that the flat turbulator 
54 is optional and that the tube 12 may be used with other 
types of turbulators if desired. 

Referring to FIGS. 4 through 6, an apparatus, generally 
indicated at 60, is shown for making the flat turbulator 54. 
The apparatus 60 includes a pair of support members 62 
spaced longitudinally and extending vertically. The support 
members 62 are secured by suitable means such as fasteners 
64 to a support surface 66. The apparatus 60 also includes a 
first or lower stripper plate 68 disposed adjacent the support 
members 62 and a second or upper stripper plate 70 disposed 
adjacent the lower stripper plate 68. The lower and upper 
stripper plates 68 and 70 are secured to the support members 
62 by suitable means such as fasteners 72. The stripper 
plates 68 and 70 include a recess 74 being generally arcuate 
in shape with a plurality of channels 76 spaced laterally and 
extending longitudinally. In the embodiment illustrated, 
there are nine channels 76 spaced laterally a predetermined 
distance such as 0.0775 inches. The channels 76 have a 
predetermined width such as 0.025 inches for teeth of rollers 
to be described. 

As illustrated in FIGS. 5 and 6, the apparatus 60 includes 
a pair of rollers such as an upper roller 78 and a lower roller 
80 operatively connected to supporting structure (not 
shown). The upper roller 78 and lower roller 80 are generally 
circular in shape and have a plurality of teeth 82 extending 
radially and circumferentially and are spaced circumferen- 
tially. The upper roller 78 is disposed in the recess 74 of the 
upper stripper plate 70 such that a portion of the teeth 82 are 
disposed in the channels 76 of the upper stripper plate 70. 
The lower roller 80 is disposed in the recess 74 of the lower 
stripper plate 68 such that a portion of the teeth 82 are 
disposed in the channels 76 of the lower stripper plate 68. 
The base 56 of the flat turbulator 54 is fed into a slot or 
channel 84 between the upper stripper plate 70 and the lower 
stripper plate 68 in a longitudinal direction, which is the 
rolling direction for the upper and lower rollers 78 and 80. 

As illustrated in FIG. 6, the teeth 82 of the upper and 
lower rollers 78 and 80 have a protruding or male portion 86. 
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The male portion 86 is generally arcuate in cross-sectional 
shape to form the corrugation 58 of the flat turbulator 54 in 
one direction to an arcuate or loop shape. The rollers 78 and 
80 also have a recessed or female portion 86 disposed 
circumferentially and laterally between the teeth 82. The 5 
female portion 88 is generally arcuate in cross-sectional 
shape to form the corrugation 58 of the flat turbulator 54 in 
the opposite direction to an arcuate or loop shape. The rollers 
78 and 80 have a generally flat portion 90 disposed laterally 
between the teeth 82 to maintain the flat shape of the base 1Q 
56 of the turbulator 54. It should be appreciated that the male 
portion 86 and female portion 88 on the rollers 78 and 80 
engage each other to form the corrugations 58 of the flat 
turbulator 54 and the flat portion or base 56 between the 
corrugations 58 provide strength and allow a finger (not 15 
shown) to strip the flat turbulator 54 to form a coil or roll. 

Referring to FIGS. 7A through 7L, a method of making 
the tube 12 with the flat turbulator 54, according to the 
present invention, is shown. The method includes the step of 
providing a generally planar sheet 92 having the base 24 and 20 
top 26 and the pair of terminal edges or ends 34 and 36 along 
a longitudinal length thereof. The method includes the step 
of folding the terminal ends 34 and 36 upwardly to form the 
second transition portions 42,50 and second flange portions 
44,52 of the ends 34 and 36 as illustrated in FIG. 7A. The ^ 
method also iachides the step of folding the second flange 
portions 44,52 over to be generally parallel with the base 24 
and top 26 as illustrated in FIG. 7B. The method includes the 
step of folding the terminal ends 34 and 36 upwardly to form 
the first transition portions 38,46 and first flange portions 30 
40,48 of the ends 34 and 36 as illustrated in FIG. 7C. The 
method also includes the step of folding the first flange 
portions 40 and 48 over to be generally parallel with the base 
24 and top 26 as illustrated in FIG. 7D. The method includes 
the step of folding the ends 34 and 36 of the sheet 92 toward 35 
each other in a series of progressive steps to form the first 
side 28 and top 26 and base 24 to oppose each other as 
illustrated in FIGS. 7E through 71. The method includes the 
step of contacting the first end 34 and second end 36 with 
each other to form the channel 32 and second side 30 as 40 
illustrated in FIG. 7J. The method includes the step of 
separating the first end 34 and second end 36 by a knife (not 
shown) to open the channel 32 and feed the flat turbulator 54 
into the channel 32 as illustrated in FIG. 7K. In this step, the 
flat turbulator 54 is fed from a generally horizontal position 45 
about a cone (not shown) to a generally vertical position into 
the channel 32. The method includes the step of closing the 
channel 32 by contacting the first end 34 and second end 36 
together as illustrated in FIG. 7L. The method includes the 
step of brazing the tube 12 by heating the tube 12 to a 50 
predetermined temperature to melt the brazing material to 
braze the ends 32 and 34 and the corrugations 58 of the flat 
turbulator 54 to the base 24 and top 26. The tube 12 is then 
cooled to solidify the molten braze material to secure the 
ends 32 and 34 together and the corrugations 58 and the base 55 
24 and top 26 together. 

The present invention has been described in an illustrative 
manner. It is to be understood that the terminology, which 
has been used, is intended to be in the nature of words of 
description rather than of limitation. eo 

Many modifications and variations of the present inven- 
tion are possible in light of the above teachings. Therefore, 
within the scope of the appended claims, the present inven- 
tion may be practiced other than as specifically described. 

What is claimed is: 65 

1. A method of making a flat turbulator for a heat 
exchanger comprising the steps of: 



providing a generally planar strip having a base extending 
laterally and longitudinally; 

roll forming a plurality of corrugations spaced laterally 
along the base and extending longitudinally a distance 
greater than a distance laterally, the corrugations 
extending generally perpendicular to the base in an 
alternating manner from opposed sides of the base such 
that the corrugations extend in a direction parallel to a 
longitudinal axis of the strip and with each adjacent 
alternating corrugations being spaced from one another 
such that the base extends between the adjacent alter- 
nating corrugations. 

2. A method as set forth in claim 1 including the step of 
providing a pair of rollers and feeding the strip in a direction 
of rotation of the rollers to form the corrugations. 

3. A method as set forth in claim 1 wherein said step of 
roll forming comprises forming a flat portion laterally 
between the corrugations. 

4. A method as set forth in claim 1 wherein said step of 
roll forming comprises forming the corrugations with gen- 
erally arcuate cross-sectional shape. 

5. A method of making a tube for a heat exchanger 
comprising the steps of: 

providing a planar sheet having a generally planar base 
and a pair of terminal ends along a longitudinal length 
thereof; 

folding each of the terminal ends of the sheet to form a 
triple hem flange; 

folding each of the terminal ends of the sheet toward one 
another until they meet to form a base, a top opposing 
the base, a first side interposed between the top and 
base and a second side interposed between said base to 
form a channel with free ends of the triple hem flange 
on each terminal end being disposed in the channel. 

6. A method as set forth in claim 5 including the step of 
opening the channel and inserting a turbulator in the chan- 
nel. 

7. A method as set forth in claim 6 wherein said step of 
folding comprises folding each of the terminal ends in a 
vertical direction and moving the turbulator from a generally 
horizontal position to a generally vertical position and 
inserting the turbulator in the channel. 

8. A method as set forth in claim 6 including the step of 
closing the channel after inserting the turbulator. 

9. A method as set forth in claim 6 including the step of 
brazing the tube and turbulator together. 

10. A method of making a flat turbulator for a heat 
exchanger comprising the steps of: 

providing a generally planar strip having a base extending 
laterally and longitudinally; 

providing a pair of rollers and feeding the strip in a 
direction of rotation of the rollers and roll forming a 
plurality of corrugations and a flat portion laterally 
between the corrugations in which the corrugations are 
spaced laterally along the base and extend longitudi- 
nally a distance greater than a distance laterally, the 
corrugations extending generally perpendicular to the 
base in an alternating manner from opposed sides of the 
base such that the corrugations extend in a direction 
parallel to a longitudinal axis of the strip and with each 
adjacent alternating corrugations being spaced from 
one another such that the flat portion extends between 
the adjacent alternating corrugations. 

11. A method of making a heat exchanger comprising the 
step of: 

providing a generally planar strip having a base extending 
laterally and longitudinally; 
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forming a plurality of corrugations spaced laterally along 
the base and extending generally perpendicular to the 
base in an alternating manner such that the corrugations 
extend in a direction parallel to a longitudinal axis of 
the strip to form a flat turbulator; 5 

providing a planar sheet having a generally planar base 
and a pair of terminal ends along a longitudinal length 
thereof; 

folding each of the terminal ends of the sheet to form a 
triple hem flange; 
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folding each of the terminal ends of the sheet toward one 
another until they meet to form a base, a top opposing 
the base, a first side interposed between the top and 
base and a second side interposed between said base to 
form a channel with free ends of the triple hem flange 
on each terminal end being disposed in the channel to 
form a tube; and 

separating the terminal ends to open the channel and 
inserting the flat turbulator into the channel of the tube. 

* * * * * 
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